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© Semiconductor infrared emitting device with oblique side surface with respect to the cleavage and 
process of fabrication thereof. 



© A semiconductor infrared emitting device is 
fabricated from an n-type gallium arsenide sub- 
strate (11), an n-type gallium arsenide layer (12) 
on the top surface (11b) of the substrate, a 
p-type gaJlium arsenide layer (13) formed on the 
n-type gallium arsenide layer for forming a p-n 
junction therebetween, and electrodes (15/ 16) 
provided on the p-type gallium arsenide layer 
and the reverse surface of the substrate for 
applying a bias voltage to the p-n junction, and 
the side surface (11c) of the substrate declines 
from the cleavage surface of the gallium ar- 
senide substrate so that the incident angle of 
infrared varies at the crystal surfaces, thereby 
allowing the infrared to be radiated from the 
semiconductor infrared emitting device. 
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This invention relates to a semiconductor infrared 
emitting device and, more particularly, to a structure 
of a high-power high-efficiency semiconductor in- 
frared emitting device and process of fabricating the 
structure. 

DESCRIPTION OF THE RELATED ART 

The semiconductor infrared emitting device finds 
a wide variety of application such as an indicator in- 
corporated in a remote control system and a part of a 
photo-coupler, and research and development efforts 
are made on high efficiency semiconductor infrared 
emitting device and a simple process sequence for 
fabrication thereof. 

A typical example of the semiconductor infrared 
emitting device is illustrated in Fig. 1. The prior art 
semiconductor infrared emitting device is fabricated 
on an n-type gallium arsenide substrate 1 with orien- 
tation of (100), and an n-type gallium arsenide film 2 
doped with silicon is grown on the major surface of 
the n-type gallium arsenide substrate 1. The n-type 
gallium arsenide film 2 is overlain by a p-type gallium 
arsenide film 3 also doped with silicon, and an elec- 
trode 4 of gold-zinc alloy is patterned on the p-type 
gallium arsenide film 3. The p-type gallium arsenide 
film 3 is about 50 microns to 60 microns in thickness. 
Electrodes 5 of gold-zinc alloy are arranged in dotted 
pattern on the reverse surface of the gallium arsenide 
substrate 1 , and the dotted pattern aims at enhance- 
ment of output efficiency through reflection on the re- 
verse surface. 

The prior art semiconductor infrared emitting de- 
vice is fabricated through a process sequence descri- 
bed hereinbelow. The process sequence starts with 
preparation of an n-type gallium arsenide wafer serv- 
ing as the n-type gallium arsenide substrates 1, and 
the n-type gallium arsenide layer 2 and the p-type 
gallium arsenide layer are sequentially grown on the 
n-type gallium arsenide substrate 1 through a single 
liquid phase epitaxial process. This is because of the 
fact that silicon is an amphoteric impurity, and such a 
single epitaxial growth is desirable in view of both 
cost reduction and high quality. After deposition of 
gold-zinc alloy, the gold-zinc alloy films are patterned 
into the electrodes 4 and 5. Finally, the n-type gallium 
arsenide wafer is separated into the semiconductor 
infrared emitting devices through a dicing stage, and 
ach of the semiconductor infrared emitting devices 
is shaped into a dice. 

Fig. 2 illustrates another prior art semiconductor 
infrared emitting d vice, and the second prior art 
semiconductor infrared emitting device is similar in 
structur to the first prior art semiconductor infrared 
emitting device except for a separation stage from the 
gallium arsenide wafer. For this reason, films and 
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the first prior art semiconductor infrared emitting de- 
vice. 

5 The fabrication process for the second semicon- 

ductor infrared emitting device traces the epitaxial 
growing stag , the deposition stage and the pattern- 
ing stage of the process sequence for the first semi- 
conductor infrared emitting device. However, the ori- 

10 entation flat of the wafer or the direction of cleavage 
is taken into account of, and t he electrodes 4 are elon- 
gated in parallel thereto. The separation stage is dif- 
ferent from that of the first prior art semiconductor in- 
frared emitting device. Namely, while dicing the gallk 

15 urn arsenide wafer, the gallium arsenide wafer is par- 
tially cut, and the individual semiconductor infrared 
emitting devices are still contiguous to one another 
through a half or a third of the thickness. Afterthe dic- 
ing stage, a roller travels over the reverse surface of 

20 the gallium arsenide wafer for breaking into the indi- 
vidual semiconductor infrared emitting devices. Ref- 
erence numeral 6 designates the cleavage surfaces 
which take place after the separation through the roll- 
ing stage. The cleavage surfaces are of the mirror 

25 surface. 

However, a problem is encountered in the prior 
art semiconductor infrared emitting devices in low lu- 
minous efficiency. One of the reasons for the low lu- 
minous efficiency is the single epitaxial growing 

30 stage for both n-type and p-type gallium arsenide lay- 
ers 2 and 3. The single epitaxial growth is desirable 
for excellent lattice structure at the p-n junction and 
the cost saving. However, single epitaxial growth 
stage can not independently control the dopant con- 

35 centrations of the gallium arsenide layers 2 and 3. For 
this reason, the prior art process sequences focuses 
the optimum dopant concentration upon the p-n junc- 
tion between the n-type gallium arsenide layer 2 and 
the p-type gallium arsenide layer 3. If the dopant con- 

40 centration at the p-n junction is optimized, the p-type 
gallium arsenide layer 3 has the dopant concentration 
around 10 19 cnrr 3 , and the peak wavelength of the in- 
frared ranges between 940 nanometers to 950 nano- 
meters. However, the absorption coefficient is not 

45 less than 1 00 crrr 1 with respect to the core of the wa- 
velength, and almost half of the infrared is absorbed 
in the p-type gallium arsenide layer 3 of 50 to 60 mi- 
crons thick. Additionally, the n-type gallium arsenide 
layer 2 has the absorption coefficient ranging be- 

50 tween 10 car 1 to 20 cm- 1 . 

Another reason for the low luminous efficiency is 
the reflective index of gallium arsenide. The refractive 
index of the gallium arsenide is about 3.6, and the crit- 
ical angle is only 17 degrees. Moreover, the dice- 

55 shaped prior art semiconductor infrared emitting de- 
vices tends to keep the regularity of incidental angle 
and reflection angle. For this reason, the infrared IR1 
produced in the vicinity of the p-n junction 7 repeats 
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reflection as shown in Fig. 3, and most of the infrared 
IR1 is absorbed by the p-type gallium arsenide layer 
3 with the large absorption coefficient 

In order to enhance the luminous efficiency, an- 
other prior art semiconductor infrared emitting device 5 
has a p-type aluminum gallium arsenide layer on the 
p-type gallium arsenide layer 3. However, the p-type 
aluminum gallium arsenide layer is not so effective for 
the high luminous efficiency, and fairly increases the 
production cost. Therefore, the third prior art semi- 10 
conductor infrared emitting device is less attractive. 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present 15 
invention to provide a semiconductor infrared emitting 
device which achieves high luminous efficiency with- 
out sacrifice of production cost. 

It is another important object of the present in- 
vention to provide a process for fabricating the semi- 20 
conductor infrared emitting device. 

To accomplish the object, the present invention 
proposes to form a side surface of a substrate obli- 
quely extending with respect to a cleavage surface. 

In one aspect the invention provides a semicon- 25 
ductor infrared emitting device comprising: 

a) a substrate formed of a compound semicon- 
ductor and having a side surface; and 

b) a multi-layer structure formed on said sub- 
strate, and operative to produce infrared when a 30 
bias voltage is applied, 

characterised in that 

said side surface of said substrate extends 
obliquely with respect to a side surface of said 
multi-layer structure. 35 
In accordance with another aspect of the present 

invention, there is provided a semiconductor infrared 

emitting device comprising: 

a) a substrate of one conductivity type formed of 
first compound semiconductor and from a wafer 40 
with a vertical cleavage surface, and having a re- 
verse surface, a top surface substantially parallel 

to the reverse surface and side surfaces declin- 
ing from the vertical cleavage surface at a prede- 
termined angle; 45 

b) a first film of the one conductivity type formed 
of second compound semiconductor, and provid- 
ed on the top surface of the substrate; 

c) a second film of the opposite conductivity type 
formed of third compound semiconductor, and so 
provided on the first film for forming a p-n junc- 
tion therebetween; 

d) a first electrode formed on the second film; 
and 

e) a second electrode formed on the reverse sur- 55 
face of the substrate. 

The invention also provides a process for fabri- 
cating a semiconductor infrared emitting device com- 



prising: 

a) forming a substrate of a first compound semi- 
conductor; 

b) forming a multi-layer structure on said sub- 
strate and operative to produce infrared when a 
bias voltage is applied thereto; and 

c) forming a side surface of said substrate which 
extends obliquely with respect to a side surface 
of said multi-layer structure. 

Another aspect of the invention provides a proc- 
ess of fabricating a semiconductor infrared emitting 
device comprising the steps of: 

a) preparing a wafer of first compound semicon- 
ductor having one conductivity type and a vertical 
cleavage surface; 

b) successively growing a first film of said one 
conductivity type and a second film of the oppo- 
site conductivity type on a major surface of said 
wafer so that said major surface of said wafer is 
covered with said first film which in turn is over- 
lain by said second film, said wafer, said first film 
and said second film forming in combination a 
multi-layer having a p-n junction therebetween; 

c) forming electrodes on a top surface of said 
second film and on a reverse surface of said sub- 
strate; and 

characterised by 

d) forming side surfaces of the substrate so that 
they extend obliquely relative to said mutual 
cleavage surface. 

In accordance with a further aspect of the pres- 
ent invention, there is provided a process of fabricat- 
ing a semiconductor infrared emitting device compris- 
ing the steps of: 

a) preparing a wafer of first compound semicon- 
ductor having one conductivity type and a vertical 
cleavage surface; 

b) successively growing a first film of the one 
conductivity type and a second film of the oppo- 
site conductivity type on a major surface of the 
wafer through a liquid phase epitaxial technique 
using liquid second compound semiconductor 
doped with amphoteric impurity atoms so that the 
major surface of the wafer is covered with the 
first film which in turn is overlain by the second 
film, the wafer, the first film and the second film 
forming in combination a multi-layer structure; 

c) forming electrodes on a top surface of the sec- 
ond film and on a reverse surface of the sub- 
strate; 

d) forming a shallow and wide moat inwardly pro- 
jecting from the top surface the second film and 
defined by respective inner walls; e) forming a 
deep and narrow moat inwardly projecting from 
the bottom surfaces of the inner walls, respec- 
tively, so as to be nested within the shallow and 
wide moat; f) repeating the step e) in such a man- 
ner as to nest a deeper and narrower moat g) sep- 
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arating the multi-layer structure into a plurality of 

semiconductor infrared emitting devices along 

the deepest and narrowest moat. 

In accordance with yet another aspect of the 
present invention, there is provided a process of fab- 
ricating a semiconductor infrared emitting device 
comprising the steps of: a) preparing a wafer of first 
compound semiconductor having one conductivity 
type and an orientation flat surface; b) successively 
growing a first film of the one conductivity type and 
a second film of the opposite conductivity type on a 
major surface of the wafer through a liquid phase epi- 
taxial technique using liquid second compound sem- 
iconductor doped with amphoteric impurity atoms so 
that the major surface of the wafer is covered with the 
first film which in turn is overlain by the second film, 
the wafer, the first film and the second film forming 
in combination a multi-layer structure; c) forming up- 
per electrodes and lower electrodes on a top surface 
of said second film and on a reverse surface of said 
wafer, said upper electrodes being arranged in rows 
and columns, said rows of upper electrodes obliquely 
extending with respect to said orientation flat surface 
at a predetermined angle; d) forming a moat inwardly 
projecting from the top surface the second film in 
such a manner as to pass between the rows of upper 
el ctrodes; and e) separating the multi-layer struc- 
ture into a plurality of semiconductor infrared emitting 
d vices along the moat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The feature and advantages of the semiconduc- 
tor infrared emitting device and the process of fabri- 
cation thereof according to the present invention will 
b more clearly understood from the following de- 
scription taken in conjunction with the accompanying 
drawings in which: 

Fig. 1 is a cross sectional view showing the struc- 
ture of the first prior art semiconductor infrared 
emitting device; 

Fig. 2 is a cross sectional view showing the struc- 
ture of the second prior art semiconductor in- 
frared emitting device; 

Fig. 3 is a view showing the multiple reflection of 
the infrared in the prior art semiconductor in- 
frared emitting device; 

Fig. 4 is a cross sectional view showing the struc- 
ture of a semiconductor infrared emitting device 
according to the present invention; 
Fig. 5 is a view showing the multiple reflection of 
the infrared produced in the semiconductor in- 
frared emitting device; 

Fig. 6 is a graph showing the amount of infrared 
in terms of forward bias current supplied to the 
semiconductor infrared emitting device shown in 
Fig. 4; 

Figs. 7A to 7D are cross sectional views showing 



a process sequence for fabricating the semicon- 
ductor infrared emitting device shown in Fig. 5; 
Figs. 8A and 8B are cross sectional views show- 
ing a part of another process sequence for fabri- 
5 eating the semiconductor infrared emitting de- 

vice; 

Fig. 9 is a cross sectional view showing the struc- 
ture of another semiconductor infrared emitting 
device according to the present invention; 

10 Fig. 10 is a view showing the multiple reflection 

of the infrared produced in the semiconductor in- 
frared emitting device shown in Fig. 9; 
Fig. 11 is a graph showing the amount of infrared 
in terms of forward bias current supplied to the 

15 semiconductor infrared emitting device shown in 

Fig. 9; 

Figs. 12A to 12D are cross sectional views show- 
ing a process sequence for fabricating the semi- 
conductor infrared emitting device shown in Fig. 
20 9; and 

Fig. 13 is a plane view showing the arrangement 
of upper electrodes in the process sequence 
shown in Figs. 12Ato 12D. 

25 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

30 Referring to Fig. 4 of the drawings, a semicon- 

ductor infrared emitting device embodying the pres- 
ent invention is fabricated on an n-type gallium ar- 
senide substrate 11 with orientation of (100), and the 
n-type gallium arsenide substrate 11 is shaped into a 

35 generally fr us to-conical configuration. Namely, the n- 
type gallium arsenide substrate 11 has a reverse sur- 
face 11a larger in area than a major surface 11b 
thereof, and a curved side surface 11c is merged 
thereinto like a flared skirt The curved side surface 

40 11c is one and half times larger in area than the side 
surface of the first prior art semiconductor infrared 
emitting device. An n-type gallium arsenide layer 12 
is formed on the major surface 11b, and is overlain 
by a p-type gallium arsenide layer 13. Both n-type 

45 and p-type gallium arsenide layers 12 and 13 are dop- 
ed with silicon, and a p-n junction 14 is formed along 
the boundary between the n-type gallium arsenide 
layer 12 and the p-type gallium arsenide layer 1 3. The 
oblique side surface 11c is wider than a vertical sur- 

50 face merged into a major surface and a reverse sur- 
face of a cubic substrate, and such an oblique side 
surface 11c is desirable for the infrared emitting de- 
vice, because the area of the side surface 1 1c is one 
point seven times larger than that of the prior art 

55 An electrode 1 5 of gold-zinc alloy is formed on 

the p-type gallium arsenide layer 13, and other elec- 
trodes 16 of gold-germanium are formed on the re- 
verse surface 11a in a dotted pattern. 
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The semiconductor infrared emitting device thus 
arranged behave as follows. If an appropriate bias 
voltage is applied between the electrode 15 and the 
electrodes 1 6, infrared IR2 is generated around the p- 
n junction. The infrared IR2 is assumed to upwardly 
and right wardly proceed from a point 14a. The in- 
frared IR2 is multiply reflected and traces a path indi- 
cated by arrows AR1. However, the infrared IR2 is 
taken out from the semiconductor infrared emitting 
device after three total reflections at 14b, 14c and 
14d. Although the first prior art semiconductor in- 
frared device absorbs the infrared IR1 after the five 
total reflections, the frusto-conical gallium arsenide 
substrate 11 effectively takes out the infrared IR2, 
and, accordingly, enhances the luminous efficiency. 
In detail, if a semiconductor infrared emitting device is 
shaped into a rectangular parallelopiped configura- 
tion such as a cube, the incident angles is theoretical- 
ly equal at every crystal boundary, and infrared re- 
peats the total reflection. This results in that most of 
the infrared IR1 is absorbed without radiating there- 
from due to the large absorption coefficient of gallium 
arsenide. However, if the side surface of a semicon- 
ductor infrared emitting device obliquely extends with 
respect to either bottom or top surface, the incident 
angle onto the crystal boundaries is variable, and the 
infrared IR2 is much liable to be taken out from the 
semiconductor infrared emitting device. 

Thus, the oblique side surface 11c to the crystal 
boundary allows the infrared to be taken out from the 
semiconductor infrared emitting device. The side sur- 
face 11 c is larger in area than a virtual surface parallel 
to the cleavage surface 1 7 in so far as one of the per- 
ipheries of the upper and reverse surfaces 11b and 
11a is larger than the other of the peripheries. In other 
words, the side surface 11c contains an area declin- 
ing from the cleavege surface 1 7 at greater than zero 
degrees or less than 90 degrees, the side surface 11c 
is effective against the absorption, and the amount of 
the infrared IR2 taken out therefrom is effectively in- 
creased. The area may decline from the cleavege 
surface at an angle greater than -90 degrees and less 
than zero. Moreover, it is desirable for the area of the 
side surface 11 c to decline from the cleavege surface 
1 7 at an angle ranging from 5 degrees to 85 degrees. 
Of course, an area ranging from -85 degrees and -5 
degrees is also effective. 

In order to make the difference from the first prior 
art semiconductor infrared emitting device shown in 
Fig. 3 clear, the amount of the infrared IR1 and the 
amount of the infrared IR2 were measured. An appro- 
priate infrared-detector (not shown) was faced to the 
semiconductor infrared emitting device according to 
the present invention, the infrared-detector convert- 
ed the infrared IR2 radiated therefrom into current, 
and the amount of current was proportional to the 
amount of infrared. While the forward bias voltage 
was increased from zero to 100 milliamperes, the 
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amount of current or the amount of the infrared IR2 
traced plots PT1 as shown in Fig. 6. On the other 
hand, while the forward bias current to the first prior 
art semiconductor infrared emitting device was simh 
5 larly increased, the infrared detector increased the 
amount of current as shown in plots PT2. Comparing 
the plots PT1 with the plots PT2, the amount of the 
infrared IR2 is one and half times larger than the 
amount of the infrared IR1. 

10 The semiconductor infrared emitting device 

shown in Fig. 4 is fabricated through a process se- 
quence, and description is hereinbefore made on the 
process sequence with reference to Figs. 7A to 7D. 
The process sequence starts with preparation of 

15 an n-type gallium arsenide wafer 21 having orienta- 
tion of (100). An n-type gallium arsenide layer 22 and 
a p-type gallium arsenide layer 23 are successively 
grown through a liquid-phase slow-cooling epitaxial 
technique using liquid gallium arsenide doped with 

20 silicon. The silicon is one of amphoteric impurities, 
and serves as donor impurities for the n-type gallium 
arsenide layer 22 and as acceptor impurities for the 
p-type gallium arsenide layer 23. The resultant multi- 
layer structure of this stage is illustrated in Fig. 7 A. 

25 Subsequently, gold-zinc alloy is selectively 

grown on the top surface of the p-type gallium ar- 
senide layer through an appropriate mask, and gold- 
germanium alloy is also selectively grown on the re- 
verse surface of the n-type gallium arsenide wafer 21 

30 through another appropriate mask. Pieces of gold- 
zinc alloy serve as the upper electrodes 15, and 
pieces of gold-germanium alloy serve as the lower 
electrodes 16. In this instance, the upper electrodes 
15 are arranged in rows and columns, and the rows 

35 of upper electrodes 15 The resultant multi-layer struc- 
ture of this stage is illustrated in Fig. 7B. 

A shallow and wide moat 24a is formed in th 
multilayer structure, and project from the top surface 
of the p-type gallium arsenide layer 23 into the n-type 

40 gallium arsenide wafer 21 through a dicing technique. 
Subsequently, a deep and narrow moat 24b is formed 
in the n-type gallium arsenide wafer 21, and project 
from the bottom surfaces partially defining the shal- 
low and wide moat also through a dicing technique. 

45 The deep and narrow moat 24b is nested within the 
shallow and wide moat 24a. The dicing stage is re- 
peated for forming a deep and narrow moat 24c, and 
the moat 24c is nested within the moat 24b. Then, a 
deeper and narrower moat is nested within a shallow- 

50 er and wider moat, and the multiple moat structure 24 
extends between a plurality of semiconductor infrared 
emitting devices arranged in rows and columns, and 
separates the n-type and p-type gallium arsenide lay- 
ers 1 2 and 1 3 of a semiconductor infrared emitting de- 

55 vice from the n-type and p-type gallium arsenide lay- 
ers 1 2 and 1 3 of another semiconductor infrared emit- 
ting device as shown in Fig. 7C. 

An adhesive flexible film 25 is bonded to the re- 

5 
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verse surface of the n-type gallium arsenide wafer 21 , 
and a roller 26 exerts force on the n-type gallium ar- 
senide substrate 21. Then, the n-type gallium ar- 
senide wafer 21 is broken into the n-type gallium ar- 
senide substrates 11, and the n-type gallium arsenide 5 
substrates 11 are shaped into generally frusto-conical 
configuration. 

The process sequence described hereinbefore 
forms the multiple moat structure 24 through dicing 
stages. However, a lithographic technique followed 10 
by an etching stage is available for the multiple moat 
structure 24. Namely, after the formation of the upper 
and lower electrodes 15 and 16, a photoresist mask 
27a is patterned on the p-type gallium arsenide layer 
23 through the lithographic technique, and the p-type 15 
gallium arsenide layer 23, the n-type gallium arsenide 
layer 22 and the n-type gallium arsenide substrate 21 
are partially removed by using an appropriate etch- 
ant. Then, the shallow and wide moat 24a takes place 
in the multi-layer structure as shown in Fig. 8A. The 20 
lithographic technique and the etching are repeated, 
and a photoresist mask 27b allows the etchant to form 
the deep and narrow moat 24c as shown in Fig. 8B. 
The moats 24a, 24b and 24c are sequentially nested 
with one another, and the multiple moat structure 24 25 
is formed through the lithographic technique followed 
by the etching. After the formation of the multiple 
moat structure, the multi-layer structure is separated 
into a plurality of semiconductor infrared emitting de- 
vices as similar to that shown in Fig. 7D. 30 

Second Embodiment 

Turning to Fig. 9 of the drawings, another semi- 
conductor infrared emitting device embodying the 35 
present invention is fabricated on an n-type gallium 
arsenide substrate 31 with orientation of (100), and 
the n-type gallium arsenide substrate 11 has a re- 
verse surface 31 a, a major surface 31b substantially 
parallel to the reverse surface 31a, and side surfaces 40 
31c and 31d extending in parallel to each other and 
declining from the reverse surface 31a. 

An n-type gallium arsenide layer 32 is formed on 
the major surface 31b, and is overlain by a p-type gal- 
lium arsenide layer 33. Both n-type and p-type galli- 45 
urn arsenide layers 12 and 13 are doped with silicon, 
and a p-n junction 34 is formed along the boundary 
between the n-type gallium arsenide layer 32 and the 
p-type gallium arsenide layer 33. 

An upper electrode 35 of gold-zinc alloy is formed so 
on the p-type gallium arsenide layer 33, and lower 
electrodes 36 of gold-germanium alloy are formed on 
the reverse surface 31a in a dotted pattern. 

As will be described hereinlater, the side surfaces 
31c and 31d decline from the cleavage surface CLV 55 
of an n-type gallium arsenide wafer with orientation of 
(100), and the angle AG between the cleavage sur- 
face CLV and the side surface 31 d is regulated to an 



angle greater than -90 degrees and less than 90 de- 
grees. Since the oblique side surfaces 31c and 31d 
are larger in area than a vertical side surface such as 
the vertical side surface of 6 of the prior art structure 
shown in Fig. 2, the semiconductor infrared emitting 
device shown in Fig. 9 allows the infrared produced 
therein to be radiated at higher probability, and, ac- 
cordingly, is improved in luminous efficiency. If the 
side surface 31 d ranges from 5 degrees to 85 degrees 
or -85 degrees to -5 degrees, the luminous efficiency 
is effectively increased. 

The semiconductor infrared emitting device thus 
arranged behave as follows. If an appropriate bias 
voltage is applied between the electrode 35 and the 
electrodes 36, infrared IR3 is generated around the p- 
n junction 34. The infrared IR3 is assumed to upward- 
ly and rightwardly proceed from a point 34a. The in- 
frared IR3 is multiply reflected and traces a path indh 
cated by arrows AR2. However, the infrared IR3 is 
taken out from the semiconductor infrared emitting 
device after three total reflections at 34b, 34c and 
34d. Although the first prior art semiconductor in- 
frared device absorbs the infrared IR1 after the five 
total reflections, the arsenide substrate 31 effectively 
takes out the infrared IR3, and, accordingly, enhanc- 
es the luminous efficiency. This is because of the fact 
that the total surface area of the n-type gallium ar- 
senide substrate 31 is increased than a cubic shaped 
substrate. 

In order to make the difference from the first prior 
art semiconductor infrared emitting device shown in 
Fig. 3 clear, the amount of the infrared IR3 was meas- 
ured as similar to the first embodiment. Namely, an 
appropriate infrared-detector (not shown) was faced 
to the semiconductor infrared emitting device shown 
in Fig. 9, the infrared-detector converted the infrared 
IR3 radiated therefrom into current, and the amount 
of current was proportional to the amount of infrared. 
While the forward bias voltage was increased from 
zero to 100 milliamperes, the amount of cur rent or the 
amount of the infrared IR3 traced plots PT3 as shown 
in Fig. 11. The amount of the infrared IR1 is also plot- 
ted in Fig. 11, and the plots PT1 stands for the amount 
of infrared produced in not only the first prior art sem- 
iconductor infrared emitting device shown in Fig. 1 but 
also the second prior art semiconductor infrared emit- 
ting device shown in Fig. 2. Comparing the plots PT1 
with the plots PT3, the amount of the infrared IR3 is 
one point three times larger than the amount of the 
infrared IR1 . The second embodiment is less effective 
rather than the first embodiment in view of the lumi- 
nous efficiency. However, the fabrication process for 
the second embodiment is simpler than that of the 
first embodiment as described here in be low, and is 
desirable in view of productivity. 

The semiconductor infrared emitting device 
shown in Fig. 9 is fabricated through a process se- 
quence, and description is hereinbefore made on the 
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process sequence with reference to Figs. 12Ato 12D. 

The process sequence starts with preparation of 
an n-type gallium arsenide wafer 41 having orienta- 
tion of (100). The orientation flat surface is labeled 
with "OF" in Fig. 13, and is substantially vertical to the 5 
reverse surface of the n-type gallium arsenide wafer 
41. An n-type gallium arsenide layer 42 and a p-type 
gallium arsenide layer 43 are successively grown 
through a liquid-phase slow-cooling epitaxial techni- 
que using liquid gallium arsenide doped with silicon. 10 
The silicon is one of amphoteric impurities, and 
serves as donor impurities for the n-type gallium ar- 
senide layer 42 and as acceptor impurities for the p- 
type gallium arsenide layer 43. The resultant multi- 
layer structure of this stage is illustrated in Fig. 12A. is 

Subsequently, gold-zinc alloy is selectively 
grown on the top surface of the p-type gallium ar- 
senide layer, and gold-germanium alloy is also selec- 
tively grown on the reverse surface of the n-type gal- 
lium arsenide wafer 41 . The upper electrodes 35 and 20 
the lower electrodes 36 are formed from the gold-zinc 
alloy film and the gold-germanium alloy film on the 
top surface of the p-type gallium arsenide layer 43 
and the reverse surface of the n-type gallium ar- 
senide wafer 41. The upper electrodes 35 are ar- 25 
ranged in rows and columns so as to form an array 
44 as shown in Fig. 13, and the rows of upper elec- 
trodes decline from the orientation flat surface OF at 
10 degrees. However, the angle AGL between the 
rows and the orientation flat surface OF may range 30 
from 5 degrees to 85 degrees. 

Grooves are formed in the multi-layer structure 
by using a dicing technique, and real lines 45a and 
45b are indicative of the longitudinal directions of the 
grooves. The grooves 45a extend between the rows 35 
of upper electrodes in parallel thereto, and the 
grooves 45b cross the grooves 45a at right angle as 
will be seen from Fig. 13. The grooves 45a and 45b 
are as deep as a half of the total thickness of the mul- 
ti-layer structure. The resultant multi-layer structure 40 
is illustrated in Fig. 12C. 

An adhesive flexible film 46 is bonded to the re- 
verse surface of t he n-type gallium arsenide wafer 21 , 
and a roller 47 travels along the grooves 45a and 45b. 
Force is exerted on the n-type gallium arsenide sub- 45 
strate 41. Then, cracks 48 take place from the 
grooves to the reverse surface of the wafer 41, and 
the n-type gallium arsenide wafer 41 is broken into 
the n-type gallium arsenide substrates 31 . The cracks 
48 are oblique due to the grooves 45a obliquely ex- so 
tending with respect to the orientation flat surface OF, 
and the side surfaces of the substrates 31 decline 
from the cleavage surface. 

Although particular embodiments of the present 
invention have been shown and described, it will be 55 
obvious to those skilled in the art that various 
changes and modifications may be made without de- 
parting from the spirit and scope of the present inven- 



tion. For example, compound semiconductor is not 
limited to gallium arsenide, and an etchant may be ap- 
plied to the multiple moat structure formed through 
the dicing stages for creating smooth surfaces. 

Claims 

1. A semiconductor infrared emitting device com- 
prising: 

a) a substrate (11; 31) formed of a compound 
semiconductor and having a side surface; and 

b) a multi-layer structure (12/13; 32/33) 
formed on said substrate, and operative to 
produce infrared when a bias voltage is ap- 
plied, 

characterised in that 

said side surface (11c; 31c/31 d) of said substrate 
extends obliquely with respect to a side surface 
of said multi-layer structure. 

2. A semiconductor infrared emitting device com- 
prising: 

a) a substrate (11 ;31 ) of one conductivity type 
formed of first compound semiconductor and 
from a wafer with a vertical cleavage surface 
(17; CLV), and having a reverse surface (11a; 
31a), a top surface (11b; 31b) substantially 
parallel to said reverse surface and side sur- 
faces (11c; 31c/31d); 

b) a first film (12; 32) of said one conductivity 
type formed of second compound semicon- 
ductor, and provided on said top surface of 
said substrate; 

c) a second film (13; 33) of the opposite con- 
ductivity type formed of third compound sem- 
iconductor, and provided on said first film for 
forming a p-n junction therebetween (14;34); 

d) a first electrode (15; 35) formed on said 
second film; and 

e) a second electrode (16; 36) formed on sard 
reverse surface of said substrate, 

characterised in that said side surfaces (11c; 
31c/31d) extend obliquely relative to said vertical 
cleavage surface (17; CLV). 

3. A device as set forth in Claim 2, in which said first, 
second and third compound semiconductors are 
gallium arsenide. 

4. A device as set forth in any preceding claim, in 
which said side surface or surfaces (11c) are 
non-flat. 

5. A device as set forth in any of Claims 1 to 3, in 
which said side surface or surfaces are substan- 
tially flat 
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6. A device as set forth in any preceding claim, in 
which said side surface or surfaces are curved. 

7. A device as set forth in any of Claims 1 to 5, in 
which said side surface or surfaces of the sub- 
strate (11c, 31c/31d) extend obliquely at a prede- 
termined angle, the magnitude of which is greater 
than zero and less than 90 degrees. 

8. Adevice as setforth in Claim 7, in which the mag- 
nitude of said predetermined angle ranges from 
5 degrees to 85 degrees. 

9. Adevice as setforth in Claim 8, in which said pre- 
determined angle is approximately 10 degrees. 

10. A process for fabricating a semiconductor in- 
frared emitting device comprising: 

a) forming a substrate (11, 31) of a first com- 
pound semiconductor; 

b) forming a multi-layer structure (12/13; 
32/33) on said substrate and operative to pro- 
duce infrared when a bias voltage is applied 
thereto; and 

c) forming a side surface (11c; 31c/31d) of 
said substrate which extends obliquely with 
respect to a side surface of said multi-layer 
structure. 

11. A process of fabricating a semiconductor infrared 
emitting device comprising the steps of: 

a) preparing a wafer (21) of first compound 
semiconductor having one conductivity type 
and a vertical cleavage surface; 

b) successively growing a first film (22) of said 
one conductivity type and a second film (23) 
of the opposite conductivity type on a major 
surface of said wafer so that said major sur- 
face of said wafer is covered with said first 
film which in turn is overlain by said second 
film, said wafer, said first film and said second 
film forming in combination a multi-layer hav- 
ing a p-n junction therebetween; 

c) forming electrodes (15/16) on a top surface 
of said second film and on a reverse surface 
of said substrate; and 

characterised by 

d) forming side surfaces (11c; 31c/31d) of the 
substrate so that they extend obliquely rela- 
tive to said mutual cleavage surface. 

12. A process as set forth in Claim 11, wherein the 
obliquely extending side surfaces are formed by: 

a) forming a moat (24) in said multi-layer 
structure; and 

b) separating said multi-layer structure into a 
plurality of semiconductor infrared emittng de- 
vices along said moat (24), said step (b) com- 



prising the sub-steps of: 

b-1) forming a shallow and wide sub-moat 
(24a) inwardly projecting from said top sur- 
face said second film and defined by re- 

5 spective inner walls; 

b-2) forming a deep and narrow sub-moat 
(24b) inwardly projecting from the bottom 
surfaces of said inner walls, respectively, 
so as to be nested within said shallow and 

10 wide sub-moat; and 

b-3) repeating said sub-step b-2) in such a 
manner as to nest a deeper and narrower 
sub-moat (24c) within a shallower and wid- 
er sub-moat (24b), if necessary. 

15 

13. A process as setforth in Claim 12, in which said 
shallow and wide sub-moat and said deep and 
narrow sub-moat are formed by using a dicing 
technique. 

20 

14. A process as setforth in Claim 12 or 13, in which 
said shallow and wide sub-moat and said deep 
and narrow sub-moat are formed by using a litho- 
graphic technique followed by an etching. 

25 

15. A process as claimed in Claim 11 comprising the 
steps of: 

a) preparing as said substrate a wafer (41) of 
first compound semiconductor having one 

30 conductivity type and an orientation flat sur- 

face (OF); 

b) successively growing af irst f ilm (32) of said 
one conductivity type and a second film (33) 
of the opposite conductivity type on a major 

35 surface of said wafer so that said major sur- 

face of said wafer is covered with said first 
film which in turn is overlain by said second 
film, said first film and said second film form- 
ing in combination said multi-layer structure; 

40 c) forming upper electrodes (35) and lower 

electrodes (36) on a top surface of said sec- 
ond film and a reverse surface of said wafer, 
said upper electrodes being arranged in rows 
and columns, and extending with respect to 

45 said orientation flat surface at a predeter- 

mined angle. 

d) forming a moat (45a/45b) inwardly project- 
ing from said top surface said second film in 
such a manner a: to pass between said rows 

so of upper electrodes and between said col- 

umns of upper electrodes; and 

e) separating said multi-layer structure into a 
plurality of semiconductor infrared emitting 
devices along said moat. 

55 

16. A process as setforth in Claim 15, in which said 
predetermined angle ranges from 5 degrees to 85 
degrees. 
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17. A process as set forth in Claim 16, in which said 
predetermined angle is approximately to 10 de- 
grees. 

18. A process as set forth in any of Claims 15 to 17, 5 
in which the depth of said moat is about a half of 

the total thickness of said multi-layer structure. 
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